Methods: Trends in complicated newborn stays, expected sources of payment, costs, and length of stay were examined. A logistic regression was conducted to explore likely payer source for the most prevalent diagnoses in 2009.
Results:
Complicated births and hospital discharges within 30 days of birth remained relatively constant between 2002 and 2009, but average costs per discharge increased substantially (p<.001 for trend). Most strikingly, over time, the proportion of complicated births billed to Medicaid increased, while the proportion paid by private payers decreased. Among complicated births, the most prevalent diagnoses were preterm birth/low birth weight (23%), respiratory distress (18%), and jaundice (10%). The top two diagnoses (41% of newborns) accounted for 61% of the aggregate cost. For infants with complications, those with Medicaid were more likely to be complicated due to preterm birth/low birth weight and respiratory distress, while those with private insurance were more likely to be complicated due to jaundice.
Introduction
Complicated births are expensive and have long-term consequences for the health of both mothers and infants. Nationwide, maternal and perinatal complications are among the most prevalent diagnoses for women of childbearing age (Elixhauser & Wier, 2011, May; Martin, Hamilton, & Ventura, 2012; Wier & Andrews, 2011, March) . Birth complications are an especially important area for Medicaid, in that two out of every three adult women Medicaid beneficiaries are of childbearing age (Kaiser Family Foundation, 2012, January) , and about half of all Medicaid hospital stays are for pregnancy, childbirth, and newborns (Stranges, Ryan, & Elixhauser, 2011, January) . Furthermore, Medicaid pays for approximately 45 percent of all births in the United States (Kaiser Family Foundation, 2012,June) .
The high costs of complicated births result in expensive hospital stays (Wier & Andrews, 2011, March) . A previous analysis of Healthcare Cost and Utilization Project (HCUP) data indicated that in 2006, hospital stays billed to Medicaid cost $22 billion for maternal conditions related to pregnancy and $19 billion for conditions related to the newborn. However, health care costs are not the only expenditures associated with birth complications; other non-healthcare related costs, such as overall loss in productivity, also add to the total burden of complicated births. The Institute of Medicine estimated that preterm births alone cost the United States $26.2 billion in 2005 when accounting for health care along with other costs (Behrman & Butler, 2007) .
Moreover, the effects of poor birth outcomes extend beyond the neonatal period: they affect a child's life course and health trajectory (Behrman & Butler, 2007; Wise, 2004) and are associated with lifelong conditions, including learning and behavioral problems, asthma, and increasing evidence of lifelong cardiovascular issues (McCormick, Litt, Smith, & Zupancic, 2011) . This creates a significant financial burden on families who care for infants born with complications (Wise, 2004) .
In response to the cost and high prevalence of poor birth outcomes-which are higher in the United States than other developed countries (IOM, 2013)-a number of initiatives have been launched by the Centers for Medicare & Medicaid Services (CMS), the U.S. Health Resources and Services Administration (HRSA), and others aimed at improving birth outcomes (CMS, 2013; HRSA, 2013) . In the future, it will be important to follow trends in complicated births to ascertain effects.
Limited studies exist on trends in hospital stays related to births in the U.S. In their analysis of HCUP data, Friedman et al. (2011) reported reductions in births overall, particularly births to adolescent mothers, but incidences and implications of trends in complicated births were not examined. Nor were trends in complications examined in the context of payer type or particular diagnoses. Other analyses examining complicated births have focused on maternal hospitalizations (Elixhauser & Wier, 2011, May) or on cross-sectional data (Elixhauser & Wier, 2011, May; Russell et al., 2007) and not on trends, expected payer sources, or implications for health care policy and spending.
This study is intended to fill gaps in prior research and to provide a baseline against which to evaluate the effects of recent efforts to improve birth outcomes. This baseline will be especially valuable given the expected growth of public coverage, both through Medicaid expansion and the subsidized coverage in the Insurance Exchanges (Kenney, Lynch, Cook, & Phong, 2010) .
The purpose of this paper is two-fold. First, the paper examines overall trends in utilization, costs, and expected source of payment for complicated newborn hospital stays using allpayer discharge data from 2002 through 2009. Second, the paper provides an in-depth look at the most prevalent diagnoses for complicated newborn stays by expected payer type in 2009.
Data and Methods

Data Source
The data source is the Nationwide Inpatient Sample (NIS), Healthcare Cost and Utilization Project (HCUP), Agency for Healthcare Research and Quality (HCUP, 2002 (HCUP, -2009 length of stay in the hospital; and most prevalent principal diagnosis. Total hospital charges were converted to costs using a year-specific HCUP Cost-to-Charge Ratio (HCUP, 2006 (HCUP, -2009 . Costs were adjusted to 2009 dollars using the overall consumer price index (CPI Inflation Calculator, 2013) . Hospital length of stay is calculated by subtracting the hospital discharge date from the hospital admission date. Additional covariates of interest in assessing expected payer for complicated newborn stays were infant's gender race/ethnicity (Black, Hispanic, White, Other), community-level median household income based on the ZIP Code of the patient, location of residence, and hospital characteristics (ownership, region, teaching status, bed size, urban or rural location).
Variables and Data Definitions
To further understand the types of complications that newborns experienced at birth or within 30 days of birth in 2009, alllisted ICD-9-CM diagnoses were classified into clinically meaningful categories using a modified version of the Clinical Classification Software (CCS) (HCUP CCS, 2009, December). The principal diagnosis was used, unless this diagnosis was not plausible as a reason for a complicated hospital stay, in which case the first clinically relevant diagnosis code was used. For example, if the principal diagnosis was "other perinatal conditions" the next diagnosis indicating a specific condition was used. See Appendix A for list of clinically meaningful categories through a modified CCS. The majority of stays were classifiable within the first four diagnoses.
Study Sample
The study sample for this analysis was created from HCUP NIS and comprised all complicated newborn stays drawing from approximately 4.2 million newborn discharge records per year, 
Analysis
National estimates were calculated using HCUPsupplied weights, based on the NIS sampling frame. The unit of analysis is the hospital discharge (i.e., the hospital stay), not an infant. Trends from 2002-2009 were displayed graphically and significance of trend was ascertained through a chi-square test for trend (Snedecor & Cochran, 1989) . To determine likely payer source in 2009, three logistic regression models were conducted for each of the three most prevalent diagnoses (preterm birth/low birth weight, respiratory distress, and jaundice). Presence of the diagnosis was the outcome variable, while the main predictor variable in each model was expected payer source (Medicaid, Private, or Uninsured). Odds ratios were adjusted for infant's gender, race/ethnicity, community-level median household income, location of residence, and hospital characteristics.
Results
Overall Trends for Complicated Births
Exhibit 1 shows the number of complicated newborn stays split out by the total number of complicated births and the total number of neonate admissions within 30 days after the birth, Exhibit 6 shows that the average length of stay was higher for complicated newborn stays billed to Medicaid than private insurance and considerably higher than for those uninsured for all years between 2002 and 2009. The average length of stay across all expected payers did not vary across the years (P = 0.37 for trend) (data not shown).
Leading Diagnoses for Complicated Newborn Stays in 2009
In 2009, the study sample included 859,853 complicated newborn stays, of which 143,975 (17%) were for admissions within 30 days of birth. Exhibit 7 displays the top ten most prevalent diagnoses in 2009 associated with complicated newborn stays, which accounted for 75% of all of the discharges and 82% of the costs. The top diagnosis was preterm birth/low birth weight (23%), followed by respiratory distress (18%) and jaundice (10%). Preterm birth/low birth weight accounted for 33% of the aggregate costs with a mean length of stay of 14.2 days. Respiratory distress accounted for 28% of the aggregate cost with a similar length of stay of 14.1 days. Taken together, preterm birth/low birth weight and respiratory distress accounted for 41% of the newborns and 61% of the aggregate costs with almost the same mean length of stay of about 14 days. While jaundice ranked third, it accounted for only 3% of the costs and had a mean length of stay of 3.9 days. Although the top three diagnoses were the same for overall discharges for complicated births and admissions within 30 days of birth, the rankings were different. The highest proportion of admissions within 30 days of birth was for jaundice (25%), followed by respiratory distress (14%) and preterm birth/low birth weight (11%;(data not shown).
Exhibit 7. Ranking of Diagnoses for Complicated Newborn Stays Using the Clinical Classification System (CSS), 2009
A logistic regression model was used to determine the likely payer source for hospital stays related to one of the top three diagnoses, after adjusting for patient and hospital characteristics. Hospital stays for preterm birth/low birth weight were more likely to be billed to Medicaid compared to private insurance, (OR = 1.47, 95% CI: 1.27, 1.70), as were hospitals stays for respiratory distress (OR = 1.31, 95% CI: 1.08, 1.57). However, hospital stays for jaundice were less likely to be billed to Medicaid compared to private insurance (OR =0.86, 95% CI: 0.77, 0.96), see Exhibit 8.
Discussion
This is the first study, to our knowledge, that examined recent trends in complicated newborn hospital stays and expected payer source. Over the eight-year period examined, Medicaid was billed for an increasing number and proportion of complicated newborn hospital stays, and (Russell et al., 2007) . The findings are also consistent with other Medicaid trends showing dramatic growth in Medicaid enrollment since the recession of 2007, as millions of individuals lost jobs and employer-sponsored private coverage (Kaiser Family Foundation, 2011, February) , and the the proportion of births paid for by Medicaid grew (Stranges et al., 2011, January) . Both complicated and normal births paid by Medicaid increased over time, indicating Medicaid in general has been paying for more overall births, likely due to an increase in Medicaid enrollment of women of reproductive age (15-44 years). The trend indicates that Medicaid may assume responsibility for a growing number of both normal and complicated newborn stays in future years.
At the same time that Medicaid's share of births and complicated newborn stays was rising, the cost of those stays was growing as well. From 2002 to 2009, the average cost per admission of a complicated newborn stay rose from $10,763 to $13,232, an increase of 23% after adjusting for inflation. By 2009, aggregate costs for complicated newborn stays totaled over $11 billion, of which Medicaid was bearing $6 billion of those costs. Overall, the average length of stay and the cost per admission for the uninsured was lower than for those covered by Medicaid or private insurance. This is likely because those without insurance may use fewer health care services within a given admission due to the high out-of-pocket expenses. Because the eligibility thresholds are generous for pregnant women, most low-income pregnant women would be on Medicaid or may be enrolled in Medicaid while in the hospital.
The rising number of complicated newborn stays, largely comprised of infants with preterm birth/low birth weight and respiratory distress, highlights a critical need to improve prenatal and maternal health. This is necessary both to improve birth outcomes and to control the rapidly rising costs associated with complicated newborn stays. Efforts to prevent preterm birth and low birth weight would likely have implications for reducing admissions for respiratory distress. As a result, the prevention of preterm birth and low birth weight presents a major opportunity to secure a substantial return on investment by improving maternal and infant health and reducing costs throughout the health care system, but particularly for the Medicaid program. Similarly, these findings have important implications for the policies and programs that serve children with special needs due to their birth related complications.
Over the past five years, a number of programs have been created to improve birth outcomes and reduce infant mortality, both in the aggregate and targeted at specific risk factors. Many of these efforts are described below.
• Among the earliest of these efforts was the March of Dimes Healthy Babies Are Worth the Wait campaign focusing on the elimination of elective deliveries before 39 weeks gestation, which are associated with poorer birth outcomes (Clark et al, 2009 This strong interest in improving perinatal health and birth outcomes is driven by a clear recognition that the costs of complicated births have significant implications for public health spending in both public and private programs. By 2011, Medicaid had covered 45 percent of all births nationwide and over 60 percent of births in six states (Kaiser Family Foundation, 2012, January) . With the full implementation of the ACA, however, the number of births that are publicly subsidized will increase dramatically, either through Medicaid or through public subsidies to women in the health insurance exchanges. There is also some evidence to suggest, however, that the universal availability of coverage will lead to more access to a regular source of care and preventive services for nonpregnant, low income women of childbearing age, most of whom are currently ineligible for Medicaid (Pellegrini & Garro, 2013, February 22) . The ACA requires group health plans to provide a range of preventive services, including many services that fall under preconception and interconception care (ACA, 2010) that can play a key role in promoting wellness for mothers and risk reduction strategies for women at high risk for poor birth outcomes (Lu, 2007; Lu et al., 2006) . It is possible that such care will lead to improved preconception and interconception health, resulting in women being healthier when they become pregnant. Reductions in risk factors (such as tobacco use) and more consistent access to preventive strategies (such as antenatal steroids for women with a prior preterm birth) could lead to a reduction in complicated births, with associated savings for all payers. This study made important new contributions, but it also had limitations. First, maternal-child linkages are not possible with the HCUP NIS, and we are missing key maternal factors that may influence complicated births, such as maternal age, race/ethnicity, education, smoking status, pregnancy and birth history, and type of delivery among others. Second, important clinical details to determine the severity of conditions are lacking in administrative billing data. Third, the infant's race/ethnicity was missing in about 25% of the cases. However, this variable was only to determine relationships in this analysis and not for point estimates. Fourth, because the analysis relied on billing or hospital discharge abstract data, only expected payer source, and not actual insurance coverage, could be identified. Finally, discharges billed to the Children's Health Insurance Program (CHIP) may be not be consistently classified as a specific payer group: discharges billed to CHIP may be classified as Medicaid, private, or other insurance, depending on the structure of the state CHIP program.
Despite limitations, the results of this study shed light on important trends in complicated newborn outcomes and costs, especially for Medicaid. Policies to prevent high-cost birth complications have the potential for both improving birth outcomes and reducing costs. As a major payer of birth hospitalizations, Medicaid has the potential to drive quality improvement efforts that aim to improve birth outcomes and affect deliveries that are funded through private mechanisms as well.
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